] and the vast majority of southeast Asian damage. While satellites and numerical weather models provide warnings of impending landfall up to a week ahead, efforts are increasingly being given to the seasonal probabilistic forecasting of these landfalls. Such long-range forecasts can benefit a range of industry including insurance, agriculture and tourism.
When considering potential long-range (out to 6 months) predictors of landfalling tropical cyclones, ENSO-the strongest ] for recent reviews of ENSO's teleconnections and predictability). It is well accepted that the ENSO warm phase (El Nifio) leads to reduced hurricane numbers in the north Atlantic as a whole [Gray, 1984; 1993] , to fewer hurricane strikes on the continental US as a whole [Gray, 1984 Nifia and E1 Nifio years respectively. These differences are statistically significant. The spatial impacts of ENSO on the local frequency and strike incidence of NW Pacific typhoons has, to our knowledge, not been reported in the refereed literature. However, Chan [1985 Chan [ , 1990 shows that the frequency of tropical cyclones in the north Pacific between 140 ø and 160øE increases during E1 Nifio years, while tropical cyclone occurrence in the South China Sea increases in La Nifia years (see also Gray [1993] and Lander [1994] ).
We extend the above previous work by quantifying for the first time: (1) the spatial impacts of ENSO on the basin-wide occurrence and local landfalling strike rates of hurricanes and typhoons. This is achieved through use of a 0.5 ø x 0.5 ø in latitude and longitude basin-wide grid which permits coastal and islands regions to be resolved; (2) the formal significance behind the different incidence rates in warm and cold ENSO episodes (on a 7.5 ø x 7.5 ø grid or US state level scale); and (3) the effect and significance of strengthening ENSO on regional landfalling intense tropical cyclone incidence.
We use the NOAA/NESDIS/NCDC best track global historical tropical cyclone database. To obtain frequencies on a 0.5 ø grid we linearly interpolate the six-hourly records onto hourly positions, and compute for equal area circles of radius 140 km centered on each grid point, the number of hurricanes/typhoons that pass through the circle. If an event exits a circle and reenters (a rare occurrence) it is counted once. The 140 km distance is chosen as a representative radius of damage loss [Neumann and Pryslak, 1981] 
Statistical Analysis and Modelling
We first compute, for each 0.5 ø grid cell, the annual incidence rate (IR) of hurricanes/typhoons in both E1 Nifio and La Nifia years. The ENSO sign is determined using monthly Nifio 3.4 data and by whether the Nifio 3.4 anomaly is greater than or less than 0.0øC. By taking the ratio of incidence rates under the two ENSO conditions we obtain the incidence rate ratio, a statistic commonly used in investigations of the causes of diseases [e.g., Rothmann and Greenland, 1998 ]. This ratio is shown colourcoded for the north Atlantic and the NW Pacific in Figure 1 (upper numeric panel marked 'La Nifia/E1Nifio').
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We use two models to determine the statistical significance of any difference in hurricane/typhoon frequencies between warm and cold ENSO episodes. MODEL I is based on incidence rate ratios and is the numerically simpler model. We apply it to landfalling events only. MODEL 2 employs logistic regression [Cox and Snell, 1989 Strengthening ENSO (using a ñ0.3øC SST threshold, rather than a 0.0øC threshold) increases the Atlantic landfalling ENSO incidence rate ratio (IRR (LN/EN) ) in all regions. The size of the increase varies with region but is typically twice as large for hurricanes as for tropical storms (not shown). It is also twice as large when computed using the 'JASO landfalling events and JASO Nifio 3.4' data than with the 'annual landfalling events and ASO Nifio 3.4' data set. For the latter data, the average hurricane IRR (LN/EN) increases by 69% when using a ñ0.3øC SST threshold rather than a 0.0øC threshold. The effects of strengthening ENSO noted above are statistically significant. They indicate that: (a) the stronger the ENSO the larger the from 10øN, 170øE to 20øN, 135øE . When averaged over a 7.5 ø x 7.5 ø grid, these smallest IRR values are significant to >95%, as they also are locally in the South China Sea, over western central Japan, and over the western central Philippines. A few localised hot spots of high significance also exist elsewhere.
Results for regional landfalling typhoons from MODEL 1 are displayed in Table l 
Conclusions and Further Work
We quantify for the first time the spatial impacts and significance of ENSO on Atlantic and NW Pacific intense tropical cyclone occurrence and landfall. We find several regions, notably in the Atlantic, where differences in the landfalling incidence rate between warm and cold ENSO regimes are statistically significant at the 90% or 95% level. These results do not prove causality between ENSO regimes and changing storm landfalling frequency. Such claims should be supported by sound evidence of a physical mechanism -for example -hurricane suppresion in the Atlantic via enhanced tropospheric wind shear [e.g. •1ones and Thorncroft, 1998 ]. Further work is also required to determine the maximum IRR (LN/EN) for each sub-region. This will depend upon the months selected for the landfalling events and for Nifio 3.4, the optimum months probably varying with region.
Most importantly our findings offer promise of long-range predictability to landfalling intense tropical cyclones. At present, 25% of the observed Nifio 3.4 variance is predictable 9 months in advance [Latifet al., 1998 ]. As ENSO's predictability improves with future developments in coupled climate models so will the skill of seasonal forecasts of landfalling hurricanes and typhoons.
